INTRODUCTION
Lung cancer is the leading cause of cancer deaths in both women and men, contributing to years of life lost because of premature mortality, while approximately 85% of the patients with lung cancer die of the disease within 5 years [1] . Typical risk factors for lung cancer include smoking and exposure to arsenic, chromium, radon, or air pollution [2] . Smoking is the major risk factor for lung cancer, particularly squamous cell carcinoma (SqCC) [3] . The past decade has seen the emergence of histology (squamous cell versus non-squamous) as an important determinant of therapy in non-small-cell lung carcinomas (NSCLC) [4] . However, a significant proportion of patients have tumors with therapeutically targetable molecular characteristics (mutations, fusion genes etc.), and currently, the vast majority of these actionable molecular abnormalities occur in pulmonary adenocarcinomas [5, 6] . Thus, a better understanding of the mechanisms underlying lung cancer development and progression is direly needed to design novel effective therapies for this deadliest cancer.
Tumor necrosis factor (TNF)-α-induced protein 8 (TNFAIP8) family is a newly identified group of proteins consisting of TNFAIP8 (TIPE), TIPE1 (TNFAIP8L1, TNF-α-induced protein 8-like 1), TIPE2 (TNFAIP8L2), and TIPE3 (TNFAIP8L3). All the members of TNFAIP8 family share homologous sequence at the high degrees and they are involved in regulating cell apoptosis and cell proliferation [7, 8] . But notably, apart from limited homology within the death effector domain (DED), they do not share significant sequence homology with other proteins, so TNFAIP8 family is normally considered as a novel subfamily of DED containing proteins. Previous study have demonstrated that TNFAIP8 is a negative regulator of apoptosis in certain cell types [9] . TIPE2 functioned as a regulator to be involved in the regulation of immune homeostasis, via binding to a cofactor [10] . TIPE3 was involved in phosphoinositide second messengers transporting and increased in human cancer cells [11] .
Until now, only one study have shown that TIPE1 could induced hepatocellular carcinoma (HCC) cell apoptosis by targeting Rac1 [12] . But, the function and predicting role of TIPE1 in lung cancer is still confused. In the present study, we attempted to investigate the expression and predicting role of TIPE1 by lung cancer tumor microarray and found lower TIPE1 expression in the lung tumor tissue, and TIPE1 expression positively correlated with tumor patient survival. Further function research indicated that TIPE1 significantly diminished cell growth and colony formation, companied with proliferation inhibition, apoptosis induction and invasion inhibition in vitro and in vivo. Our findings revealed the anti-tumor role of TIPE1 in lung cancer cells and TIPE1 might be a novel prognostic indicator for lung cancer patients.
RESULTS

TIPE1 deficiency promotes lung cancer progression and correlates with a worse patient prognosis
To confirm TIPE1 expression in lung cancer tissues, we examined TIPE1 mRNA expression in ten paired nontumor and tumor tissue samples derived from lung cancer patient. qPCR results indicated that TIPE1 mRNA was 8.5-fold lower in tumor tissues than in nontumor tissues ( Figure 1A ). Immunohistochemistry for TIPE1 expression in lung cancer tissues array (Table 1) indicated that TIPE1-positive cells were rarely observed among lung cancer cells ( Figure 1B) . Meanwhile, strong and intermediate immunostaining was observed in the nontumor lung tissues ( Figure 1B ). In addition, mean IHC score in tumor tissues was 1.20±0.16, whereas 3.18±0.10 in nontumor tissue (n=45, p<0.0001, Figure 1C ). The Kaplan-Meier survival curve demonstrated that patients with low TIPE1 expression have dramatically shorter survival than those with high TIPE1 expression (p=0.0071, Figure 1D ).
TIPE1 inhibits lung cancer growth and colony formation
To determine the functional effects of TIPE1 on the biological behaviors of lung cancer cells, we first detected basal TIPE1 mRNA and protein expression in five colorectal cancer cell lines and normal lung epithelial cell MRC-5 by qPCR and western blotting analysis, respectively. As shown in Figure 2A and 2B, TIPE1 expression was significantly decreased, even to undetectable levels. Thus, we employed lentivirus-based TIPE1 expressing system to infect A549 and H292 cells (20 pfu/cell). And puromycin was added to select the stable expression cells. Western blotting analysis indicated the higher expression of TIPE1 protein in TIPE1-infected A549 and H292 cells ( Figure 2C ). Overexpression of TIPE1 dramatically arrested cell growth both in A549 and H292 cells ( Figure 2D and 2E) . Colony formation assay also demonstrated the inhibition role of TIPE1 on A549 and H292 cell growth ( Figure 2F and 2G). To further determined the effect of TIPE1 on lung cancer growth, siRNA targeting TIPE1 was employed to knockdown of TIPE1 in H69 cancer cells. And we found siTIPE1-2 and siTIPE1-3 significantly decreased TIPE1 expression ( Figure 2H ). CCK8 assay and colony formation assay demonstrated the promotion role of siTIEP1-2 and siTIPE1-3 on H69 cell growth ( Figure 2I and 2J ). These data demonstrated the inhibition role of TIPE1 on lung cancer cell growth and colony formation.
TIPE1 arrests cell proliferation and induces apoptosis in lung cancer cell lines
Next, we investigated the mechanism of TIPE1 on lung cancer cell growth by flow cytometry. And the results indicated that TIPE1 effectively arrest A549 and H292 proliferation via inhibiting cell enter into G1 cycle (A549 cell: 17.24 % G1 cell in TIPE1 group versus 36.12% in Ctrl group; H292 cell: 17.79 % G1 cell in TIPE1 group versus 43.38% in Ctrl group; Figure 3A) . Annexin V and PI staining indicated that TIPE1 induced earlier apoptosis in both A549 (Ctrl: 9.51% and TIPE1: 19.0%) and H292 (Ctrl: 5.94% and TIPE1: 15.0%) cell ( Figure 3B ). In addition, TIPE1 inhibited cell cycle check point protein Cyclin D1 and B1 expression ( Figure 3C ). Moreover, TIPE1 also promoted caspase 8 and cleaved caspase-3 expression, that are pivotal mediators involved in apoptosis ( Figure 3D ). The above data proved the effect of TIPE1 on lung cancer cell proliferation and apoptosis through regulating related protein expression.
TIPE1 inhibits invasion and migration in lung cancer cells
An invasion assay was performed in Transwell chambers containing 8-μm pore size inserts, the upper surfaces of which were coated with Matrigel matrix. A549 and H292 cells were suspended in serum-free media and plated on the upper chambers. After 48 hours of culture, TIPE1 significantly prevented A549 and H292 cell invasion by approximately 65% and 78%, respectively ( Figure 4A ). Meanwhile, a wound-healing assay was used to evaluate the effect of TIPE1 on cancer cell migration. As shown in Figure 4B , compared with Ctrl group, TIPE1 dramatically blocked A549 and H292 cell migration by approximately 52% (P<0.0001) and 41% (P=0.0001), www.impactjournals.com/oncotarget respectively. Furthermore, western blotting was performed to detect matrixmetalloproteinases (MMP) expression, which play a key role in tumor invasion and migration. We found TIPE1 significantly downregulated MMP2 and MMP9 expression by approximately 70-80% both in A549 and H292 cells ( Figure 4C ). Collectively, we demonstrated the inhibition role of TIPE1 on lung cancer cell invasion and migration via regulating MMP expression. Figure 5A and 5B) and by approximately 68.4% in tumor weight (TIPE1 group: 0.49±0.04 g versus Ctrl group: 1.55±0.06 g; Figure 5C ). Immunohistochemistry staining demonstrated the overexpression of TIPE1 in TIPE1 stable infected A549 cells ( Figure 5D ). Next, we determined the proliferation and apoptosis status by PCNA immunostaining and TUNEL assay. Less PCNA positive cells were found in the TIPE1 group ( Figure 5E ), whereas more TUNEL positive cells were found ( Figure 5F ). Collectively, TIPE1 inhibited lung cancer tumorigenesis via inhibiting proliferation and inducing apoptosis in vivo. 
DISCUSSION
Until now, various studied have reported the altered expression of TNFAIP8 family in the development of several types of cancers. TNFAIP8 has been demonstrated to be upregulated in gastric adenocarcinoma tissues [13] , platinum-resistant epithelial ovarian cancer tissues [14] , endometrial cancer tissues [15] and NSCLC tumor tissues [16] . TIPE2 expression was more pronounced in colon cancer tissues [17] , but downregulated in HCC [18] . Recent study by Zhang et al have found less TIPE1 expression in HCC [12] . Cui et al have demonstrated the extensive expression of TIPE1 in variety of cells of the epithelial origin, including lung epithelial cells [19] . In our study, we found the lower TIPE1 mRNA and protein expression in NSCLC caner tissues, compared with the adjacent nontumor tissues (Figure 1) . Moreover, TIPE1 mRNA and protein expression was undetectable or low level in all NSCLS cancer cell lines (Figure 2) . The mechanism leading to the downregulated of TIPE1 expression in several cancer was still unclear. Epigenetic modification, such as methylation, may be the cause. It would be investigated in the further study by us.
Meanwhile, TNFAIP8 family also function as a predictor for cancer prognosis. TNFAIP8 overexpression was associated significantly with depth of invasion, lymph node metastasis and Lauren classification, and a poorer overall survival in gastric adenocarcinoma patients [13] . In TNFAIP8 upregulated endometrial cancer tissues, higher histologic grade, deeper myometrial invasion and lymph vascular space invasion and more lymph node metastasis were found, companied with poor overall survival and disease-free survival (DFS) rates [15] . Moreover, TNFAIP8 overexpression was correlated with platinum resistance in epithelial ovarian cancer and residual tumor size [14] . TIPE1 expression in HCC tissues positively correlated with tumor pathologic grades and patient survival [12] . NSCLC tumor microarray by us also demonstrated that the patients with low TIPE1 expression have dramatically shorter survival than those with high TIPE1 expression. It's indicated that TIPE1 is a novel prognosis predictor for NSCLC patients.
TNAFIP8 family are recently identified proteins which are important for maintaining immune homeostasis. TNAFIP8 functioned as an oncogene in several cancer through promoting proliferation, metastasis and inhibiting apoptosis [13] [14] [15] [16] . But little is known about the role of TNAFIP8 in immune [7] . TIPE2 is an essential negative regulator of inflammation and immune homeostasis. It plays anti-inflammation roles by negatively regulating T cell receptor (TCR) and Toll-like receptor (TLR) signaling [10] . According to the deficiency of TIPE1 protein in mature T or B lymphocytes [19] , TIPE1 may have no function role in immune. But recently research demonstrated the induction role of TIPE1 in HCC cell apoptosis via inverses regulating Rac-1 [12] .
In a Parkinson's disease model, TIPE1 binds to FBXW5, increasing autophagy through activation of TSC2 [20] . Due to the three-dimensional structure of TIPE1 protein, TIPE1 was predicted to interact with FBXW5, caspase8 and so on [21] . In our study, we found TIEP1 arrest NSCLC cancer cell cycle, inhibited apoptosis and metastasis ( Figures  3-5) . Mechanism investigation found Cyclin D1, Cyclin B1, caspase 8, cleaved caspase 3, MMP2 and MMP9 were both regulated by TIPE1 in NSCLC cancer cells (Figures 3 and 4) . We will put our efforts to determine the potential direct target of TIPE1 in regulating NSCLC cancer cell behaviors.
In conclusion, in the present study we showed that TIPE1 expression was dramatically decreased in the lung tumor tissues, and positively correlated with tumor patient survival. Overexpression of TIPE1 significantly diminished tumor growth and cell growth, companied with proliferation inhibition and apoptosis induction in vivo and in vitro, due to TIPE1-regulated protein expression. These findings may help to better understand the role of TIPE1 in lung cancer and provide a new candidate for prognostic indicator and molecular targeted therapies in lung cancer.
MATERIALS AND METHODS
Cell culture and treatment
The colorectal cancer cell lines H69, H292, Calu-1, 95-D and A549, and normal lung epithelial cell MRC-5 were cultured according to the standard protocols provided by ATCC. The lentivirus-based TIPE1 expression system was employed to infect H292 and A549 cells, and puromycin was added to select the stable TIPE1-expression cells. The lentivirus vector was used as the control.
Tissue microarray
The cohort of 60 pairs of human malignant lung cancer tissues and their corresponding adjacent noncancerous lung tissues was purchased from Shanghai Outdo Biotech. Co. Ltd (Shanghai, China) and approved by the Ethics Committee of Taizhou Hospital. The cohort was used to determine TIPE1 expression by immunohistochemistry. Tumors and nontumors were scored by counting the number of total cells expressing the proteins as determined by TIPE1 staining, according to the previous study indicated [22] . The IHC score of TIPE1 in lung tissues were classified according to the percent of TIPE1 positive cells number in three random fields. 4, more than 25% cells are TIPE1 positive; 3, the percent cells of TIPE1 positive are between 25% and 35%; 2, the percent cells of TIPE1 positive are between 15% and 25%; 1, the percent cells of TIPE1 positive are between 10% and 20%; 0, the percent cells of TIPE1 positive are less than 5%. IHC score 2, 3 and 4 were defined as TIPE1 high expression and 0 and 1 were defined as TIPE1 low expression.
RT-PCR
Total RNA was extracted from cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). RNA samples (1 μg) were subjected to real-time PCR, resulting complementary DNA was analyzed in triplicate using SYBR Green (Takara, Shiga, Japan). Relative mRNA concentrations were determined by 2 -ΔΔCt , where Ct is the mean threshold cycle difference after normalization to U6 values. The primer for TIPE1 was as follow: forward primer 5'-CAGTGACCTGCTAGATGAG-3', reverse primer 5'-CAAGGTGCTGAGTGAAGT-3'.
CCK8 assay
A549 and H292 cells were plated out in 100 μl of medium at a concentration of 1×10 4 cells per well in 96-well plate. 10 μl WST-8 (Dojindo Laboratories) was added into the 96-well plate. After incubation of cells for 4 hours, the absorbance was determined at wavelength of 450 nm. The same experiments were performed in four times. www.impactjournals.com/oncotarget
Apoptosis assay
Apoptosis was detected using the dual staining Annexin V/PI Apoptosis Detection Kit (Keygentec, Nanjing, China) on a Cytomics FC500 flow cytometer (Beckman Coulter). The percentage of apoptotic cells in each quadrant was calculated Flow Jo Software. Each experiment was performed in triplicate.
Western blotting
The lung cancer cells were collected and lysed on ice for 30min with the RIPA lysis buffer (Beyotime, Nanjing, China) containing 1% protease inhibitor cocktail (Sigma Aldrich). The lysis was centrifuged for 15min by 12,000 g at 4 °C, and the supernatants were collected for protein concentrations determination by the Bradford protein assay kit (Thermo Scientific, MA, USA). The protein was loaded and separated by SDS-PAGE gel electrophoresis, followed by the transfer of proteins onto the PVDF membranes (Merck Millipore). The membranes were incubated with the primary antibodies against the specific primary antibody in 5% milk TBS/T buffer overnight at 4 °C. Following incubation with horseradish peroxidaseconjugated secondary antibodies (Zsbio, Beijing, China) at room temperature for 1 h, the bands were detected using a chemiluminescent substrate ECL kit (Merck Millipore). The relative expression was determined by Image J software.
Colony formation assay
48 hours post transfection, 1000 H292 and A549 cells were seeded into the 6 well plate, was fixed with DMEM medium containing 10% FBS. 10 days later, the plate was fixed with 4% paraformaldehyde and stained with crystal violet (Beyotime, Beijing, China). The number of colony formation were counted and analyzed.
Cell cycle analyses
48 hours post transfection, the transfected H292 and A549 cells were collected and stained with PI for 30 mins. Then Cytomics FC500 flow cytometer (Beckman Coulter) was used to analyze the cell cycle of cells according to the fold of DNA as the previous study indicated [23] . Each experiment was performed in triplicate.
Matrigel-based invasion assay
Matrigel (BD bioscience) was diluted (1:5) with culture medium and added into the millicell (8μm pore size). In the upper layer, 100 μl culture medium without FBS was added, whereas in the 0.5 ml culture medium with 10% FBS was added into the 24-well plate. The A549 and H292 cells (2×10 4 cells) were added into the millicell and incubated for 48 hours. Then the cells were stained by crystal violet and photographed.
Wound-healing assay
A549 and H292 cells were grown to 80-90% confluence in 6-well plates and a wound was made by dragging a plastic pipette tip across the cell surface afer 24 h. The phase of the wounds were recorded at 37°C for incubations of 48 h, and 3 separate experiments were performed. Image J software was used to evaluate the migration rate of 4T1 cells.
Animal study
All of the animal studies were performed in accordance with institutional guidelines concerning animal use and care. Female BALB/c nude mice were purchased from the Model Animal Research Center of Nanjing University (Nanjing, China) and allowed to acclimate for 1 week before use. A549 cells (5×10 6 cells per mice) were injected into the flank of female BALB/c nude mice to establish a subcutaneous cancer model. Tumor size was determined by collecting length and width measurements, and calculating the tumor volume (mm3) as (tumour length×(tumour width)
2 ) ×0.52. When mice were killed (27 days after tumor cell injection), tumors from each animal were collected, weighed and used for histopathological studies.
Immunochemistry staining
Paraffin sections were used for immunohistochemical analysis as previous study indicated [24] . Sections were deparaffnized in xylene, and rehydrated in PBS (pH 7.4). Antigen retrieval was done by heating for 3 min in a pressure cooker with 0.1 mol/L citrate buffer (pH6.0). After endogenous peroxide blocking and 5% normal goat serum blocking, the specific primary antibody (TIPE1, PCNA) in blocking solution were added and incubated overnight at 4 °C. The following operation was followed the instruction of immunochemistry staining kit (Zsbio, Beijing, China). The immunoreaction was visualized by using diaminobenzidine (DAB) peroxide solution and cellular nuclei were counterstained with hematoxylin. All specimens were evaluated using Olympus B×600 microscope and Spot Fiex camera.
TUNEL assay
DeadEndTM Fluorometric TUNEL System (Promega, Madison, Wisc, USA) was performed to detect apoptotic cells in tumor tissues, following the manufacturer's protocol. Cell nuclei with dark green fluorescent staining were defined as TUNELpositive nuclei. Cell nuclei were counterstained with 4, 6-diamidino-2-phenylindole (DAPI, Beyotime, Beijing, China). The cells were monitored by fluorescence microscope.
